We present the results of two Mopra 3-mm spectral line surveys of the Lines of Sight (LOS ) toward the Galactic Center (GC) molecular complexes Sgr B2 (LOS +0.693) and Sgr A (LOS −0.11). The spectra covered the frequency ranges of ∼77-93 GHz and ∼105-113 GHz. We have detected 38 molecular species and 25 isotopologues. The isotopic ratios derived from column density ratios are consistent with the canonical values, indicating that chemical isotopic fractionation and/or selective photodissociation can be considered negligible (<10%) for the GC physical conditions. The derived abundance and rotational temperatures are very similar for both LOSs, indicating very similar chemical and excitation conditions for the molecular gas in the GC. The excitation conditions are also very similar to those found for the nucleus of the starburst galaxy NGC 253. We report for the first time the detection of HCO and HOC + emission in LOS +0.693. Our comparison of the abundance ratios between CS, HCO, HOC + and HCO + found in the two LOSs with those in typical Galactic photodissociation regions (PDRs) and starbursts galaxies does not show any clear trend to distinguish between UV and X-ray induced chemistries. We propose that the CS/HOC + ratio could be used as a tracer of the PDR components in the molecular clouds in the nuclei of galaxies.
INTRODUCTION
In this paper we study the physical conditions and chemical complexity of the quiescent molecular gas along two Lines of Sight (LOS), one toward the Sgr B2 complex (LOS +0.693 ) and the other one toward the Sgr A complex (LOS −0.11), both complexes located in the Galactic Center (GC). Molecular cloud complexes inside the Central Molecular Zone (CMZ, Morris & Serabyn (1996) ) in the GC show very different characteristics that the clouds in the Galactic disc. GC clouds are characterized by high gaskinetic temperatures of 100 K (Hüttemeister et al. 1993; Rodríguez-Fernández et al. 2001 ) and cold dust temperatures (T dust ) of 30 K .
The Sgr B2 complex contains one of the most outstanding massive star formation sites in the Galaxy and consists ⋆ E-mail:armijosaj@cab.inta-csic.es of several star-forming cores embedded in a lower density envelope (Gordon et al. 1993) . Sgr B2 hosts many dozens of compact and hypercompact HII regions, e.g., De Pree et al. (1996 concentrated in two regions, Sgr B2N and Sgr B2M. LOS +0.693 toward the Sgr B2 molecular complex studied in this paper, shown in Fig. 1 (upper and middle panels), is outside the HII region L (Mehringer et al. 1995) and the main massive star forming regions Sgr B2M and Sgr B2N (Martín-Pintado et al. 1990 ). Therefore, LOS +0.693 does not appear to be affected strongly by UV radiation, but otherwise this LOS may be subjected to significant Xray irradiation since the Sgr B2 cloud is a well established X-ray reflection nebula due to its strong Fe Kα line emission at 6.4 keV (Koyama et al. 1996) .
The Sgr A molecular complex contains two massive molecular clouds at 20 km s −1 and 50 km s −1 believed to be interacting with the Circumnuclear Disk (CND) surrounding the central supermassive black hole Sgr A * and two super-nova remnants, Sgr A East and G359−0.09 (Coil & Ho 2000; Herrnstein & Ho 2002; Ferrière 2012) . LOS −0.11 toward the 20 km s −1 molecular cloud, shown in Fig. 1 (bottom panels), is located in projection 216
′′ (∼8.6 pc) south of the black hole Sgr A * . LOS −0.11, lies near the elongated non-thermal features Sgr A-F and Sgr A-E (Yusef-Zadeh & Morris 1987; Lu et al. 2003; Yusef-Zadeh et al. 2005 ) indicated in Fig. 1 . Recent star formation (compact HII regions G−0.02-0.007) around Sgr A * is mainly concentrated toward the 50 km s −1 molecular cloud (Mills et at. 2011) . Unlike the star forming regions of Sgr B2M and Sgr B2N, the selected lines of sight toward the cloud positions in the Sgr B2 and Sgr A complexes studied in this paper do not show any signposts of massive star formation like H2O masers, ultracompact HII regions, hot cores or recombination line emission (Hüttemeister et al. 1993; Martín-Pintado et al. 1997) .
Several unbiased spectral line surveys have been carried out toward the Sgr B2 star forming cores, positions N (Nummelin et al. 1998 (Nummelin et al. , 2000 Friedel et al. 2004; Belloche et al. 2013) , M (Sutton et al. 1991; Belloche et al. 2013 ), S and OH (Friedel et al. 2004 ). Nummelin et al. (1998 Nummelin et al. ( , 2000 also carried out a spectral survey toward a quiescent region in Sgr B2. They detected 26 species and showed the large difference in chemical complexity and excitation between the quiescent and the star forming clouds. Our line survey of two quiescent lines of sight were selected from the systematic study of the HNCO/CS ratios carried out by Martín et al. (2008) . In this study both locations were among the objects which showed the highest ratios indicating that the chemistry and likely the heating of both GC LOSs are mainly dominated by low velocity shocks. This is also supported by Requena-Torres et al. (2008) , who also studied several GC sources, including our two LOSs, finding that the abundances of complex organic molecules like CH2OHCHO, (CH3)2O, CH3CHO, among others, are larger in these GC LOSs than those in hot cores of the Galactic disk, suggesting ejection of molecules from dust grains by low velocity C-type shocks. Previous surveys of the Sgr B2 quiescent clouds by Nummelin et al. (1998 Nummelin et al. ( , 2000 at high frequencies did not have the sensitivity to detect weak molecular lines from these species.
In this paper, we present a 3 mm spectral line survey of the quiescent molecular gas along LOS +0.693 and LOS −0.11 toward the Sgr B2 and Sgr A complexes, respectively. Both complexes, inside the CMZ, are outstanding regions affected by high energy phenomena (Koyama et al. 1996; Terrier et al. 2010; Ponti et al. 2010 ) and large scale shocks . Our sensitivity allowed us to detect, for the first time, the emission of the HCO and HOC + molecules, which are considered to be tracers of UV radiation and X-ray chemistry in molecular clouds. In Sec. 2, we present our observations and data reduction. In Sec. 3, the details of the line identification (Sec. 3.1), line profiles (Sec. 3.2) and analysis (Sec. 3.3) are reported. In Sec. 3.4 we derive six isotopic ratios and discuss their implications. In Sec. 4, we discuss the molecular abundance and excitation conditions found in the GC and compare them with those in galactic nuclei (Sec. 4.1), and the implication of our detection of HCO and HOC + in the UV and X-ray induced chemistry in galactic nuclei (Sec. 4.2). Finally, the conclusions are summarized in Sec. 5.
OBSERVATIONS AND DATA REDUCTION
The observations were carried out with the 22-m Mopra radio telescope 1 on November of 2007. We used the the dual 3 mm Monolithic Microwave Integrated Circuit (MMIC) receiver connected to the 8 GHz Spectrometer, which provided a velocity resolution of ∼0.9 km s −1 at 90 GHz. Spectra in two polarizations were observed simultaneously. Two frequency ranges in the 3 mm window were covered, from ∼77 to 93 GHz and from ∼105 to 113 GHz. The beam size of the telescope was 38
′′ at 90 GHz and 30 ′′ at 115 GHz. We used position switching as observing mode with the emission free reference positions selected from the CS maps obtained by Bally et al. (1987) . The nominal positions used for the observation of LOS +0.693 and LOS −0.11 were αJ2000 = 17 h 47 m 22. s 0, δJ2000 = −28
• 21 ′ 27. ′′ 0 and αJ2000 = 17 h 45 m 39. s 0, δJ2000 = −29
• 04 ′ 05. ′′ 0, respectively. Fig. 1 shows the two observed positions superimposed on the SiO(2-1) (Martín-Pintado & Amo-Baladrón, priv. communication) and the 20 cm radio continuum maps (Yusef-Zadeh et al. 2004 ) of the Sgr B2 and Sgr A complexes. The reference positions were αJ2000 = 17 h 46 m 23. s 0, δJ2000 = −28
• 16 ′ 37. ′′ 3 and αJ2000 = 17 h 46 m 00. s 1, δJ2000 = −29
• 16 ′ 47. ′′ 2 for LOS +0.693 and LOS −0.11, respectively. The raw data were reduced by using the ATNF Spectral Analysis Package (ASAP) at Mopra telescope to create the fits files for further processing with the MASSAIJ package 2 , where baseline subtraction were applied. In several regions of the spectra there were baseline ripples, which were partially corrected by editing the data in the Fourier transformed plane. The two polarizations of the spectra were averaged to improve the signal to noise ratio. The spectra were then smoothed to a velocity resolution of ∼3.5 km s −1 , appropriate for the linewidths of ∼20 km s −1 observed toward molecular clouds in the GC. Our line intensities in T lines. In contrast, for LOS −0.11, we only found 34 molecular species and 18 isotopologues, as well as 8 unidentified lines.
In our survey, we have detected, for the first time, the HCO and HOC + emission toward the quiescent gas of LOS +0.693 in the GC outside the hot cores of Sgr B2N and Sgr B2M. We have detected four HCO hyperfine lines (F=2-1, 1-0, 1-1 and 0-1) and one HOC + (1-0) line toward LOS +0.693 (see Fig. 2 and 3) . HCO, HOC + , HC2NC and HCOCH2OH are not detected toward LOS −0.11 (see Fig. 2 and 4). HCO and HOC + molecules have been proposed to be tracers of PDRs (Apponi et al. 1999; Goicoechea et al. 2009; Martín et al. 2009b) and XDRs (Usero et al. 2004) . Tables  1 and 2 show the line parameters derived by Gaussian fitting to almost all observed molecular lines for both LOSs. The tables also include, for both LOSs, upper limits to the emission of several molecular species, like HOC + and HCO, which are relevant for the discussion. These upper limits (4 for LOS +0.693 and 16 for LOS −0.11) correspond to 3σ of the peak and velocity-integrated intensities (see Tables 1  and 2 ).
Line profiles
Most of line profiles from each cloud trace just their kinematic structure, i.e. three velocity components (∼17, 68 and 85 km s −1 ) in LOS +0.693 and one velocity component (∼20 km s −1 ) in LOS −0.11. Additional double-peaked line profiles of certain strong molecular species like HCO + , HNC and HCN are likely a result of optical depth effects, as this double-peaked structure is not present in the line profiles of their optically-thin isotopologues. In this paper, we will concentrate on the emission from the 68 and 85 km s −1 clouds along LOS +0.693 and the ∼20 km s −1 cloud along LOS −0.11.
To compare molecular abundances derived from optically-thick lines (e.g. CN, HNC, HCN, HCO + and CH3OH) with those showing simpler profiles we have calculated, in Tables 1 and 2 , their velocity-integrated intensities over the selected velocity ranges given in column 4 of these tables. For LOS +0.693 we have considered two velocity ranges of 40−80 km s −1 and 80−110 km s −1 corresponding to the emission of the ∼68 km s −1 and ∼85 km s −1 clouds, respectively. For LOS −0.11, we have derived velocity-integrated intensities only for HCO + (1-0) and HCN(1-0) lines and their corresponding isotopologues. Fig. 3 and 4 present the line profiles of all detected methanol transitions for LOS +0.693 and LOS −0.11, respectively. Interestingly the CH3OH (31, 4) line is the only methanol line observed in absorption in our survey, while the CH3OH(00,0-1−1,1) line appears to be optically thick in both LOSs. Furthermore, the CH3OH(5−1,5-40,4) line at 84.5 GHz is intense and it has been reported to be masing in some sources (Zuckerman et al. 1972; Batrla & Menten 1988) .
Analysis
Assuming optically thin emission and excitation in Local Thermodynamic Equilibrium (LTE), the relation between the LTE total molecular column density N and the measured Figure 3 . Sample of some molecular lines and their isotopologues observed toward LOS +0.693. We used the column densities derived from these transitions and others to estimate the carbon, nitrogen, oxygen, sulfur and silicon isotopic ratios. The vertical dashed lines show the LSR velocities of 17, 68 and 85 km s −1 . integrated line intensity, W = T * A dv in K km s −1 , of a transition is given by:
where Nu is the molecular column density in the upper energy level, gu and Eu/k are the degeneracy and the energy (in K) of the upper level of the transition with a frequency ν in GHz, a dipole moment µ in Debye and a line strength S. Trot is the LTE rotational temperature in K, Qrot is the rotational partition function. Taking the natural logarithm in (1) we obtain that the main equation of the rotational diagrams (RDs) is given by:
By observing more than one transition from the same molecule, we can estimate the excitation temperature of the rotational levels, Trot, and the LTE total column densities (by using the Qrot for Trot) from a linear regression fit to equation (2). Since the typical uncertainties of assuming the Rayleigh-Jeans approximation are less than the calibration uncertainties, they are ignored. 
Rotational temperatures and molecular column densities
We have used the MASSAIJ package with the spectroscopic information (A ul , gu, Eu, µ 2 S, Qrot, etc) from the JPL and CDMS catalogs to generate the RDs for all molecules with more than one observed transition. Fig. 5 shows RDs (for both GC sources) for selected molecules, and the derived Trot from RDs are listed in Table 3 . All RDs are fitted with a single Trot. The uncertainties in the Trot are derived from the 1σ uncertainties in the integrated line intensities and also take into account the uncertainty due to the linear regression fit in the RDs. In our survey, the derived Trot ranges from 5 K to 73 K (see Table 3 ), however, most of the derived Trot are rather low compared with the estimated mean kinetic temperature of ≈100 K found in the GC (Güsten et al. 1985; Hüttemeister et al. 1993) , indicating subthermal excitation due to relatively low H2 densities (see Sec. 3.3.4).
Molecular lines contaminated by the emission from unidentified molecular species (see notes in Tables 1 and  2) were not included in the RDs. When required, we have also properly taken into account the hyperfine structure (see
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H CCCN (9-8) 13 HCC CN (9-8) Figure 4 . Sample of some molecular lines and theirs isotopologues observed toward LOS −0.11. We used the column densities derived from these transitions and others to estimate the carbon, nitrogen, oxygen, sulfur and silicon isotopic ratios. The vertical dashed line shows the LSR velocity of 20 km s −1 .
notes in Tables 1 and 2 ) to estimate the total column densities given in Table 3 . We have used equation (1) to estimate the total column densities for molecules with only one detected transition by assuming a Trot of 10 K, the average value of the low Trot derived from other molecules (see Table  3 ). We have also used a Trot of 10 K to derive the column densities of molecular species with several observed transitions but with insufficient dynamical range in Eu ( 2 K) to derive a reliable Trot. To avoid the uncertainties introduced by optical depth effects in the estimated column densities of molecules like HCN, HNC, HCO + , in Table 3 , when possible, we have derived them from the optically thin lines (see note b in Table 3) of their rarer isotopologues, assuming the typical GC isotopic ratios (Wilson & Rood (1994) , hereafter W&R94). The LTE approximation used in our analysis provides beamaveraged abundances which are relatively similar to those obtained by using non-LTE statistical equilibrium methods. The difference in the estimated HC3N column densities using the LTE and non-LTE analysis is less than a factor of ∼2 for both GC sources (see Sec. 3.3.4) .
To derive the CH3OH column density for LOS +0.693 we have used the 72,6-81,7 transition and the Trot of 14 K derived by Requena-Torres et al. (2008) . This transition is selected since it shows thermal emission, is likely optically thin, and is observed in emission toward LOS +0.693 (see (Frerking et al. 1982) . We found NH 2 of 5.9 (0.2)×10 22 cm −2 and 2.4 (0.2)×10 22 cm −2 for LOS +0.693 and LOS −0.11, respectively. The estimated relative abundances obtained by dividing the molecular column densities by their respective NH 2 are shown in Table 3 for the molecules and velocity components identified in our spectral line survey. Fig. 6 summarizes the derived fractional abundances from Table 3 for all species except for 13 C 15 N (its 1-0 transition is contaminated by emission from an unknown molecular species), O 13 C 34 S (there is no lower limit for LOS −0.11) and HCO + , HCN, HNC and their 13 C isotopologues, whose abundances are obtained from their less abundant isotopologues.
It is remarkable, that two LOSs separated by more than ∼120 pc in the GC show very similar abundances, within a factor of 2, of ∼80% of the detected molecular species, including the most complex organic molecules like C2H5OH, C2H5CN and (CH3)2O (see Fig. 6 ). This finding will be discussed in detail in section 4.1.1.
Kinetic temperatures
Symmetric rotors are usually used to estimate the kinetic temperature, T kin , of the molecular clouds because the radiative transitions between levels of ladders with ∆K =0 are forbidden (Turner 1991) , and their excitation is dominated by collisions with H2. In our survey we have detected transitions from CH3CN, 13 CH3CN, CH3 13 CN, CH3CCH and CH3
13 CCH. We have derived the Trot for both LOSs from the RDs of the 6K -5K (K=0, 1, 2, 3 and 4) transitions of CH3CN and the 6K -5K (K=0, 1, 2 and 3) transitions of CH3CCH. In addition for LOS +0.693 we have also used the 6K -5K (K=0, 1 and 3) transitions of 13 CH3CN (the K=2 line is not used because it is blended with the K=0 and 1 lines).
As expected, the symmetric rotors CH3CN, CH3CCH and 13 CH3CN show the highest Trot of ≈55-73 K for both GC sources (see Table 3 ), indicating that the T kin must be larger than 73 K. For a T kin of 100 K, statistical equilibrium calculations reveal that Trot derived from CH3CN transitions with ∆K =0 (K<4) approach the T kin only at H2 densities of ∼10 6 cm −3 . For H2 densities of 10 5 cm −3 and a T kin of 100 K, these CH3CN transitions show Trot of 70 K (Churchwell et al. 1992) . Our results are consistent with the mean T kin of ≈100 K derived by Güsten et al. (1985) , Hüttemeister et al. (1993) and Rodríguez-Fernández et al. (2001) toward molecular clouds distributed over the central 500 pc of the GC. Thus, for the low H2 densities (∼10 4 cm −3 , see Sec. 3.3.4) found in both GC sources we will consider in the following discussions a T kin of ≈100 K.
H2 densities
We have used the non-LTE excitation and radiative transfer code RADEX with the Large Velocity Gradient (LVG) approximation (van der Tak et al. 2007 ) to estimate the H2 densities by using three HC3N lines (see Tables 1 and 2 ). For a T kin of 100 K, a linewidth of 21 km s −1 , a background temperature of 2.73 K and a beam filling factor of 1 (since the cloud size is much larger than the telescope beam size, see Fig. 1 ), we have estimated H2 densities of ∼2.3 (0.3)×10 4 cm −3 for both GC sources. The HC3N column densities and H2 densities were considered free parameters for the modelling. Our non-LTE analysis provided estimates of the HC3N column densities of 6.0×10 14 cm −2 for LOS +0.693 and 4.9×10 14 cm −2 for LOS −0.11, in good agreement within a factor of 2 with the LTE calculations of the HC3N column densities (see Table  3 ). Our estimated line optical depths are ∼0.5 for the three HC3N lines. The predicted excitation temperatures of ∼14 K are also consistent with the LTE analysis and our assumption of subthermal excitation. Changes in the T kin to lower
.8 (7.6) K Figure 5 . Rotational diagrams of some molecules for LOS +0.693 (left panels) and LOS −0.11 (right panels). . Abundances relatives to H 2 for molecules detected in this survey. Arrows correspond to upper limits to the derived abundances. CH 3 OH lines are observed in LOS −0.11, but we were only able to derive an upper limit to the CH 3 OH column density (see Sec. 3.3.1).
values of ∼50 K, will increase the H2 densities by only a factor of 2, to ∼5×10 4 cm −3 . The derived excitation temperatures are very sensitive to the H2 density. Changes in a factor of 2 in the H2 densities increase the excitation temperature from ∼14 K to ∼24 K. The latter predicted temperature is inconsistent with our measured Trot for HC3N, ruling out higher H2 densities in both GC sources.
Isotopic ratios
We have used the large number of detected isotopologues to derive from their column densities the isotopic ratios
Si and 32 S/ 34 S for both GC sources. Table 4 summarizes all the derived isotopic ratios based on optically thin (unbiased group) and optically thick (biased group) emission. When possible, we have also used column densities of isotopologues with double isotopic substitution to guarantee optically thin emission. The canonical isotopic ratios derived for the GC by W&R94 are also shown in Table 4 . As expected, the isotopic ratios of ∼3-15 derived from the biased group are always smaller than the canonical isotopic ratios due to the opacity effects on the most abundant isotopic substitution. The unbiased 12 C/ 13 C isotopic ratios derived for both GC sources are similar, within uncertainties, and its average, 12 C/ 13 C=21. Fig. 2 ) and likely the OC 34 S column density is overestimated. However, in LOS −0.11 the lower limit of 22 to the OCS/OC 34 S ratio is close to the canonical value. Our averaged 12 C/ 13 C,
Si isotopic ratios are similar to the canonical values (W&R94) within 1σ, which represents ∼10% in the derived isotopic ratios. This indicates that chemical isotopic fractionation and selective photodissociation are negligible, less than ∼10%, for most of the molecules and the physical conditions in the GC, consistent with the results obtained by Riquelme et al. (2010) .
The
12 C isotope is a primary product of nucleosynthesis in stellar cores, while the 13 C isotope is thought to be formed from 12 C present in stars of later generations (Wilson & Matteucci 1992) . Thus, the 12 C/ 13 C ratio can be considered a measure of the degree of gas processing in the ISM. Using CCH and their 13 C isotopologues, Martín et al. (2010) derived very large 12 C/ 13 C ratios of >138 and >81 toward the starburst galaxies M 82 and NGC 253, respectively. Based on the hyperfine fits to the CCH line profiles, they ruled out opacity effects in the CCH lines. The 12 C/ 13 C ratio in the GC is at least a factor of 4 lower than in both starburst galaxies, suggesting that the degree of gas processing is quite different between them. 
DISCUSSION
4.1 Uniform molecular abundances and excitation conditions in the nuclei of galaxies
Galactic center
Early studies of the distribution of the kinetic temperature in the molecular material in the GC using both ammonia and H2 have shown that molecular clouds are warm with a mean T kin of ≈ 100 K (Hüttemeister et al. 1993; Rodríguez-Fernández et al. 2001 ). More recently, Requena-Torres et al. (2006) have found that the abundance of complex organic molecules is also relatively uniform in the molecular clouds in the GC. In agreement with the findings of Requena-Torres et al. (2006), we also found that the molecular clouds toward two lines of sight, LOS +0.693 and LOS −0.11, separated by more than ∼120 pc within the Galactic Center, show a rather uniform chemistry. ∼80% of molecular species detected in both lines of sight show similar abundances within a factor of 2, even for the most complex organic molecules like C2H5OH, C2H5CN and (CH3)2O. Our (CH3)2O, CH3OH, HCOOH, HNCO, 13 CS and C 18 O abundances are also consistent with those derived in previous studies toward both GC sources from 2 and 3 mm line data (Requena-Torres et al. 2006; Martín et al. 2008) . The "uniform" chemistry in the GC was explained for complex molecules as due to grain surface chemistry followed by the sputtering of the icy mantles by shocks. Our database allows now a detailed comparison of the excitation conditions found along the two LOSs. Fig. 7 represents the Trot derived for LOS +0.693 versus the Trot derived for LOS −0.11. It is remarkable that the excitation of the molecular gas is very similar for both GC sources. In fact, 86% of the molecules show the same Trot within 1σ. Another two molecules (c-C3H2 and NH2CHO) show Trot which are consistent within 3σ. HC3N is the only molecule that shows a significant difference in its excitation between both GC sources above a 3σ level. However, the difference in the Trot by a factor of 1.4 corresponds to a change of only a factor of 1.8 in the derived H2 densities of the molecular gas (see section 3.3.4). The similar excitation conditions and molecular complexity found in the molecular gas in the two LOSs indicate that physical processes operating in the GC are widespread, driving the chemistry and affecting the physical conditions over large scales.
It is remarkable that the complex organic molecules like  CH2CO, HC5N, NH2CN, CH3CCH and CH3CN show the largest Trot in our survey. We do not believe the high temperatures derived from CH2CO and NH2CN are biased by the range of the energy levels of the observed transitions. Although the HNCO RDs (see Fig. 5 ) cover the same range of energies than that of the NH2CN, the derived Trot for both molecules are very different. The wide range of derived Trot for the different molecules does not seem to be due to difference in collisional cross sections, level structure and/or dipole moments. For NH2CN and CH2CO, which have virtually identical geometrical cross sections and level structure, but very different dipole moments (µa=4.32D for NH2CN and µa=1.414 D for CH2CO) one would expect to observe a larger Trot for CH2CO. In contrast, NH2CN shows a higher Trot than CH2CO. Fig. 8 shows the molecular excitation (Trot) derived for LOS +0.693 as a function of the dipole moment of the molecule. We found that there is not any clear dependence of Trot with the dipole moment as expected if the emission from all molecules were arising from the same region. Tables 1 and 2 ), usually the less affected by opacity. e The observed transition is contaminated by the emission from an unknown molecular species. f This velocity is an average of different detected transitions. g These velocity ranges are chosen for deriving velocity-integrated intensities used in the molecular column density estimate. For LOS +0.693 we have used a velocity range for the 13 CS(2-1) line as it is affected by opacity/self-absorption. The 12 C and 13 C isotopologues are affected by opacity/self-absorption. c The 12 C isotopologue is affected by opacity/self-absorption. d The 13 C isotopologue is affected by opacity/self-absorption. e We have averaged the 12 C/ 13 C isotopic ratios unbiased by opacity/self-absorption, then we have obtained the average 12 C/ 13 C∼21 ratio over both GC sources. In these ratios we have used the 12 C/ 13 C=21 ratio. f The OC 34 S lines are affected by ripples.
Although the origin of the difference in Trot is uncertain, we postulate that it may be related to the formation of the molecular species. In the shock scenario proposed by Requena-Torres et al. (2006) and Martín et al. (2008) , the molecular species showing higher Trot will be those produced at early times or just ejected from grain and those with lower Trot should be located in the post shocked regions.
Starburst galaxies
The bulk of the quiescent molecular clouds in the GC seem to show rather uniform physical conditions and chemical composition. In this section we compare our results obtained for the GC clouds with those derived for nearby extragalactic nuclei with different type of activity. Table 5 summarizes the Trot and molecular abundances of selected species derived for both GC sources and four extragalactic nuclei, NGC 253, M 82, IC 342 and Maffei 2. The molecular species selected in Table 5 and their corresponding Trot has been successfully used by Martín et al. (2009a) and Aladro et al. (2011a) to study the evolution of the nuclei of starburst galaxies. Based on the excitation and the molecular abundances, Martín et al. (2009a) and Aladro et al. (2011a) have classified Maffei 2 as a young starburst galaxy, IC 342 and NGC 253 as intermediate-age starburst galaxies and M 82 as an evolved starburst galaxy (Aladro et al. 2011a) .
In column 8 of Table 5 , we show the ratio between the molecular abundance of LOS −0.11 and those of LOS +0.63 and the nuclei of nearby galaxies. While the molecular abundances in the two GC LOSs clouds are within a factor of 3, those in galactic nuclei are, for most molecules, at least one order of magnitude smaller than those measured in the GC. This is expected since the volume sampled in external galaxies is, at least, four orders of magnitude larger than in the GC. Then the ratio between diffuse molecular gas measured by the H2 column densities to dense gas traced by other species is smaller in the GC than in external galaxies. However, some molecular species show changes in their abundances by more than one order of magnitude relative to high density tracers like CS. In particular, CH3OH shows the lowest abundances in galaxies like M 82, IC 342 and Maffei 2 by factors of ∼(1-6)×10 2 relative to LOS −0.11. NGC 253 is the galaxy that shows the highest methanol abundance between the starburst galaxies in our sample. The radiation field in NGC 253 seems to be higher than in M 82, IC 342 and Maffei 2 (Carral et at. 1994; Israel & Baas 2003) . However, differences in the evolutionary stage of the starbursts and molecular clouds (Aladro et al. 2011a) , the distribution of star forming regions and/or the strength of large-scale shocks could be responsible for the high methanol abundance in NGC 253 as compared to those of the other galaxies in our sample. Similar lower methanol abundances, by nearly two orders of magnitude, are also observed toward a sample of molecular clouds in the GC (Requena- Torres et al. 2006) that are affected by the UV photodissociation from HII regions. This suggests that this molecule is likely photodissociated by the strong UV radiation field of G0∼10 2.5−4.0 (Carral et at. 1994; Israel & Baas 2003) present in these nearby galaxies considered in this comparison.
Another molecule which also shows large abundance differences between our sample of galaxies and LOS −0.11 is HNCO. It is expected that gas-phase HNCO survives in wellshielded dense molecular clouds, while it is photodissociated in unshielded regions affected by UV radiation . The high HNCO abundances derived in both GC sources compared to those found in the starburst galaxies NGC 253 and M 82 support the idea that HNCO is a suitable tracer of dense molecular gas ( 10 6 cm −3 ) in clouds unaffected by strong UV radiation ). This agrees with the finding of Amo-Baladrón et al. (2011) , who found that the HNCO abundance in the 20 km s −1 cloud dominated by shocks is a factor of 20 higher than in the CND surrounding Sgr A * which is affected by both shocks and photodissociation.
The photodissociation rate of HNCO is a factor of ∼1.5 larger than that of CH3OH. Both molecules have photodissociation rates higher (a factor ∼3) and lower (a factor ∼4) than those of CCH and HC3N, respectively. The smaller differences found in the CCH abundances compared to those of CH3OH and HNCO between LOS −0.11 and the starburst galaxies M 82 and NGC 253 is likely due to the differences in the photodissociation rates of these molecules. Additionally, CCH could increase its abundance efficiently in PDRs (Mul & McGowan 1980) . One expects that HC3N would show larger abundance variations than CH3OH and HNCO between LOS −0.11 and both starburst galaxies due to their differences in the photodissociation rates. However, this is not observed in Table 5 . Efficient formation of HC3N through ion-molecule chemistry (Knight et al. 1986 ) could be responsible for the high HC3N abundance found in both starburst galaxies. The largest differences shown by CH3OH and HNCO in our comparison is likely due to their photodissociation and that both molecules are not expected to form efficiently in gas phase. CH3OH shows higher differences in its abundance than HNCO between LOS −0.11 and the starburst galaxies in our sample. This is probably due to the higher extinction of the dense clouds, cores where HNCO arises ( 10 6 cm −3 , Martín et al. (2008) ) as compared with the more diffuse conditions where CH3OH is found (∼5×10 Martín et al. (2006a) ). Overall, complex molecules in the molecular clouds of this sample of starburst galaxies reveal smaller abundances than those measured in the GC sources by nearly 2 orders of magnitude, suggesting that a substantial fraction of the molecular gas in the nearby galaxies in our sample is affected by photodissociation by the UV radiation from the starburst. Fig. 9 shows the Trot of selected molecules derived in NGC 253 (Martín et al. 2006b; Aladro et al. 2011a ) and M 82 (Aladro et al. 2011b ) versus the Trot derived for LOS −0.11. In contrast to the large abundance difference found between the GC clouds and starburst galaxies, the excitation of complex molecules like c-C3H2, HC3N and CH3OH derived for both starburst galaxies, NGC 253 and M 82, is similar within ∼3σ to the excitation of the molecular cloud found for LOS −0.11. Like in the two LOSs in the GC, NH2CN and CH3CCH in NGC 253 also show high (Martín et al. 2006a ). E-This abundance corresponds to the cloud A in IC 342 or cloud F in Maffei 2, both clouds are located in projection close to the nuclear star clusters. Uncertainties in the abundances are at least a factor of 3. a Requena-Torres et al. (2008) . b Aladro et al. (2011a) . c Martín et al. (2006b) . d Martín et al. (2010) . e Martín et al. (2009a) . f Martín et al. (2006a) . g Meier & Turner (2005) . h Meier & Turner (2012) .
Trot of 67 K and 44 K, respectively. Interestingly these Trot are within a factor of 1.2 of those of NGC 253. In M 82, the Trot derived from CH3CCH and CH3CN show the same trend than in NGC 253 but in this case they are a factor of ∼2 lower than those observed in LOS −0.11. It is remarkable that the excitation of molecular clouds in the nuclei of galaxies with different activity and evolutionary stage appears relatively uniform, suggesting that the physical conditions, H2 densities and kinetic temperatures, must be very similar. If, as suggested in the previous section, the excitation of the molecules is related to the formation mechanism, there must be a common processes driving the chemistry in the nuclei of galaxies. However, to explain the underabundance of CS, HC3N, CH3OH, HNCO and other molecules (see Table 5 ) found in our sample of galactic nuclei with respect to the GC, the shock scenario proposed by Requena-Torres et al.
(2006) and Martín et al. (2008) for the GC must be combined with the effects of the photodissociation as proposed by Aladro et al. (2011b) .
Tracing the UV and X-ray induced chemistry in galactic nuclei
The scenario proposed in the previous section to explain the difference in abundance ratios between these quiescent Galactic center LOSs and our sample of galactic nuclei would indicate that the clouds in the two LOSs are only marginally affected by the UV radiation. However, in our survey we have detected, for the first time, HCO and HOC + emission toward LOS +0.693 in the GC. Emission from these molecules are considered to be tracers of UV and X-ray induced chemistry in the associated PDRs (Apponi et al. 1999; Goicoechea et al. 2009; Martín et al. 2009b) and XDRs (Usero et al. 2004; . It has been proposed that abundance and abundance ratios between key molecules like HCO, HOC + and HCO + can be used to trace the XDR and PDR chemistries and even to differentiate between them . The high spatial resolution of our data offers an unique opportunity to study the PDR/XDR component in nuclei of galaxies using molecular tracers.
4.2.1 Constrains on the X-ray radiation in the molecular clouds along the GC LOS Fig. 10 illustrates the key difference in the X-ray emission observed toward the two LOSs (shown as open circles) in the GC. While LOS −0.11 only shows continuum emission in the 0.1-10 keV band, LOS +0.693 shows, in addition to the continuum emission, one of the strongest Fe Kα (6.4 keV) lines observed in our Galaxy (Koyama et al. 1996) . The presence of the strong Fe Kα line emission is considered as an excellent tracer of XDRs (Martín-Pintado et al. 2000) , showing that X-rays are directly interacting with large column densities of matter. As a consequence of this interaction one would expect a chemistry driven by X-rays. In contrast, LOS −0.11 does not show any emission of the Fe Kα line , indicating the lack of any relevant XDR.
Constrains on the UV radiation in the molecular clouds along the GC LOS
As shown in Fig. 1 , the two LOSs do not show any prominent HII region which would produce associated PDRs. However, LOS +0.693 is relatively close to the HII regions of Sgr B2N and L, whereas LOS −0.11 is located near the non-thermal sources Sgr A-E and Sgr-F (Lu et al. 2003; Yusef-Zadeh et al. 2005) . We can use the upper limit to the Hα recombination line emission in our survey to constrain the Lyman photons in the beam. None of the four Hα, H39α to H43α, recombination lines that fall in the frequency range of our spectral line survey are detected toward both LOSs.
From the 3σ upper limit to their intensities and assuming a linewidth of ∼35 km s −1 , we have set the upper limits to the thermal continuum fluxes given in Table 6 . For optically thin emission and the average LTE electron temperature of 6500 K estimated toward the GC (Goss et al. 1985) , we have derived the upper limits to the Lyman continuum photons (Mezger & Henderson 1967) given in Table 6 . These upper limits of 10 48.4 and 10 48.7 s −1 for LOS +0.693 and LOS −0.11, respectively, would constrain the spectral type of any ionizing star to be later than O8-O9.
Low angular resolution observations of fine structure lines of CII and OI toward Sgr B2 have shown the presence of an extended FUV radiation field of G0≈10 3 -10 4 , which should produce important PDRs. However, this FUV radiation field would be characterized by a Lyman continuum photon flux of ∼10 50.4 s −1 (Goicoechea et al. 2004 ). This flux is ∼50 times larger than that derived from the recombination lines in LOS +0.693. Given the large difference in beam size between our observations and those of the fine structure lines, it is possible that inhomogeneities in the FUV radiation field could partially explain this discrepancy. In any case, the UV radiation field strength of the PDR component in LOS +0.693 is rather uncertain. The situation for LOS −0.11 seems to be simpler since there is not nearby massive star formation, like Sgr B2N, which could provide a large FUV radiation field. In this LOS one expects a negligible PDR component.
The HCO, HOC
+ , HCO + and CS abundance as tracers of the PDR and XDR components in galactic nuclei Martín et al. 2008 ).
The CS/HOC
+ and CS/HCO ratios Both LOSs in the GC show CS/HOC + ratios which are larger than those measured in Galactic PDRs and galaxies by factors of 4 and 15, respectively, except for that of the molecular peak of the Orion Bar, which is completely shielded from UV radiation. Although the CS/HCO ratios also show the same trend as CS/HOC + , the CS/HCO ratios are less conclusive since these ratios are within a factor of ∼3 for all kinds of objects. This suggests that the PDR/XDR component, traced by HOC + and to a lesser extent by HCO in both LOSs of the GC is smaller than those in starburst galaxies and typical unshielded galactic PDRs. The larger CS/HOC + ratio found in LOS −0.11 than in LOS +0.693 suggests a very small (basically negligible) XDR/PDR component along LOS -0.11. This is consistent with the measurements of UV and X-ray emission toward these LOSs shown in Fig. 1 and 10 , respectively. The CS/HOC + ratios measured in external galaxies are also consistent with this ratio being a good tracer of the PDR/XDR component relative to the total gas (see Table 7 ). The most evolved starburst M 82, has the lowest CS/HOC + ratio (1) of 25. The intermediate CS/HOC + ratio of 6 found in NGC 1068, which is considered to be dominated by X-ray chemistry, is much smaller than the ratio found in LOS +0.693 which also shows X-rays, suggesting that the CS/HOC + ratio could be also a good tracer of strong XDR components since the X-ray luminosity in NGC 1068 (Iwasawa et al. 1997 ) is nearly four orders of magnitude higher than in Sgr B2 (Koyama et al. 1996) . NGC 1068, which also shows strong Fe Kα (6.4 keV) line like in LOS +0.693. However they found HCO + /HOC + ratios of ∼40-100 and the HCO + /HCO ratio of 3 in the CND of NGC 1068 which are similar to those found in our sample of typical PDRs. Therefore XDR chemistry seems unlikely to explain the large HCO + /HOC + and HCO + /HCO ratios observed in the GC LOS. Meijerink et al. (2007) modeled the chemistry induced by PDRs and XDRs in clouds with different Hydrogen column densities and incident FUV/X-ray radiation fields. By using these models they predicted column density ratios for several molecules, including the HCO + /HOC + and HCO + /HCO ratios. For the Hydrogen column density of ∼2×10 21 cm −2 and G0 of 10 3 , the PDR model predicts HCO + /HOC + ratios of ∼100, which agree with those derived in NGC 7023 and the Orion Bar (Fuente et al. 2003) . For an X-ray flux of 1.6 erg cm −2 s −1 , and a density of 10 4 cm −3 , appropriate to LOS +0.693, the XDR models of ) predict an HCO + /HOC + ratio of ∼10 in the cloud interior. The predicted ratio is at least a factor of 55 lower than those inferred in both GC sources (see Table 7 ), indicating that XDR models cannot reproduce the observed HCO + /HOC + ratios found in both GC sources. This result is consistent with the lack of X-ray emission in LOS −0.11 (see Fig. 10 ). The derived HCO/HOC + ratio of ∼63 derived in LOS +0.693 cannot be used to distinguish between the XDR or PDR scenario since this ratio is close to those of both the Horsehead, a typical PDR, and the claimed XDR NGC 1068. Finally, the HCO + /HCO ratio of ∼1 predicted by Meijerink et al. (2007) for PDRs with G0 of 10 3 is consistent with those in the Horsehead and the Orion Bar Schilke et al. 2001) .
In summary, as discussed throughout this section the large HCO + /HOC + , CS/HOC + , HCO + /HCO ratios suggest that the molecular gas affected by X-ray/UV radiation fields in the two GC LOSs represent a small fraction of the total column density of molecular gas. Assuming that the observed HCO + /HCO ratio of 1.1 in the Horsehead represents the actual PDR ratio, we estimated that roughly ∼12% of the total column density would be affected by the UV radiation in LOS +0.693 and 10% in LOS −0.11. These results also support the HNCO/CS diagnostic diagram proposed by Martín et al. (2008 Martín et al. ( , 2009a to establish the dominant chemistry and the heating mechanism working in molecular clouds since by using this diagram they found that the chemistry and likely the heating of both GC sources are mainly dominated by shocks.
CONCLUSIONS
We have used the Mopra telescope to carry out a 3 mm spectral line survey in the selected frequency ranges of ∼77-93 GHz and ∼105-113 GHz of two lines of sight, LOS +0.693 and LOS −0.11, toward the Sgr B2 and Sgr A complexes in the Galactic center. The main conclusions of our study are the following:
• We have detected 38 molecular species and 25 isotopologues in LOS +0.693 and 34 molecular species and 18 isotopologues in LOS −0.11. We have detected for the first time the PDR/XDR tracers HCO and HOC + in the quiescent gas in LOS +0.693. These two species and the complex organic molecules HC2NC and HCOCH2OH have not been detected toward LOS −0.11.
• The molecular excitation, Trot, and the molecular column densities are derived for all detected molecules by using a LTE approximation. The derived Trot varies between ∼5 and 73 K for both GC sources, but most molecules show Trot<20 K, indicating subthermal excitation. The symmetric rotors, CH3CN, 13 CH3CN and CH3CCH show the highest Trot of ∼55-73 K, consistent with a T kin of ∼100 K previously derived for the GC clouds.
• Although LOS +0.693 and LOS −0.11 are separated by more than ∼120 pc within the GC, ∼80% of molecular species detected in both GC sources reveal similar abundances within a factor of 2 and similar excitation conditions.
• We have used the large number of detected isotopologues to derive isotopic ratios of 12 C/ Si ratios averaged over both GC sources agree within uncertainties with the "canonical" values for the GC. Our results suggest that isotopic fractionation and/or selective photodissociation do not play any role in the determination of isotopic ratios from molecular column densities.
• The comparison of the excitation conditions derived for both LOSs in the center of our Galaxy and those found in the starburst galaxies NGC 253 and M 82 shows that the molecular gas in the nuclei of these galaxies have similar physical conditions.
• CH3OH is the molecule which shows the highest abundance difference between both GC LOSs and starburst galaxies by factors of ∼(1-6)×10
2 . The large difference is likely due to its photodissociation by UV radiation in starbursts.
• We have studied the HCO + /HOC + , HCO + /HCO and CS/HOC + ratios in both GC LOSs, typical PDR regions, starburst galaxies and the AGN NGC 1068. We find that these abundances ratios cannot be used to distinguish between the effects of the X-ray and UV radiation on the molecular clouds.
• We also propose that the CS/HOC + , HCO + /HCO and HCO + /HOC + ratios could be used as good tracers of PDR/XDR components in the molecular clouds in the nuclei of galaxies. These ratios can be used to estimate the fraction of the molecular gas affected by the UV radiation. For example, the large HCO + /HCO ratio found in LOS +0.693 indicates a PDR component of ∼12% of the total column density.
